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(57) An heterogeneous chemical reactor of the type
with a partial opening, incorporating a catalytic cartridge
comprising a substantially cylindrical basket (11) suita-
ble for containing a predetermined amount of a prede-
fined catalyst is distinguished by the fact that the basket
(11) is modular and is made of a plurality of containers
(14) which are structurally independent from each other,
which can be manipulated individually and which are as-
sociated with each other to form the basket (11) in a re-
ciprocally removable way, each container (14) being of
a suitable size to pass through the partial opening (9) of
the corresponding reactor (1) .
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Description

Field of application

[0001] The present invention refers to a heterogene-
ous catalytic reactor of the type comprising a substan-
tially cylindrical shell closed at the opposite ends by re-
spective bottoms, a reaction zone or environment de-
fined in such shell, at least one catalytic cartridge (or
catalytic bed), supported in such reaction zone.

[0002] In particular, but not for limiting purposes, this
invention concerns a reactor of the above considered
type and defined in the technical jargon "with a partial
opening", in other words a reactor, generally having a
large capacity (large or very large size), equipped at one
of its bottoms with a manhole for access to the inside
thereof.

[0003] Even more precisely, the present invention re-
fers to a catalytic cartridge, which can be used for a het-
erogeneous catalytic reactor with a partial opening.

Prior art

[0004] Itis known thatto carry out heterogeneous, ex-
othermic or endothermic chemical reactions of the cat-
alytic type both so-called adiabatic reactors and so-
called pseudoisothermal, or in short, isothermal reac-
tors, are widely used.

[0005] In adiabatic reactors the reaction takes place
without any heat exchange for which reason the reaction
temperature increases and decreases according to if
such reaction is exothermic or endothermic. In this case,
the catalytic cartridge, also called catalytic bed in the
rest of the description, supported in the reaction zone of
each reactor, substantially consists of a container bas-
ket, of an appropriate size, suitable for containing a pre-
determined amount of a predefined catalyst and suitable
to be passed through, in an axial and/or radial direction,
by reactant gases and by gaseous reaction products.
[0006] In isothermal reactors, the reaction tempera-
ture is controlled through a continuous and suitable heat
exchange, carried out in the catalytic bed. In this case,
the catalytic cartridge, supported in the reaction zone of
the corresponding reactor, comprises a container bas-
ket of the predefined catalyst and a plurality of heat ex-
changers, immersed in the catalyst together with their
hydraulic connections to corresponding pluralities of
supply, distribution, collection and discharge ducts for
an operating heat exchange fluid. Moreover, in the same
basket are positioned and supported all the "auxiliary"
devices deemed useful for the control of a given chem-
ical reaction and for the continuous detection of the op-
erating variables, as well as for the direction of the re-
actant gas flows, of the reaction products and, when
used, of the heat exchange fluids.

[0007] When they have a large capacity, in other
words are of a large size (axial length and diameter), the
chemical reactors of the type considered generally have
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a partial opening. In other words, they are equipped with
an appropriate manhole for access to the inside thereof,
where the respective catalytic cartridges are housed.
[0008] The manufacture procedure (preparation and
positioning of the so-called "inner elements" - catalytic
cartridge, heat exchanger and possible auxiliary devic-
es) of chemical reactors with a partial opening, even
though they are widely used, has a recognized technical
drawback which has not been overcome yet: long shut-
down times of the plant required for changing the cata-
lyst, or for any other intervention for the maintenance/
repair of the auxiliary components of the catalytic bed,
or for revamping technically obsolete catalytic reactors.
[0009] Taking, as an example, the case of revamping,
where the existing cartridges are replaced with new car-
tridges that are literally built within such reactors, ex-
tracting and introducing all the necessary material
through the respective manholes.

[0010] Otherwise, one thinks of the example of am-
monia synthesis in tubular or plate-shaped reactors,
where the catalyst used is made up of iron granules,
therefore very hard and tough, and where a compacting
of the catalyst can take place during operation. In this
case, the catalyst cannot be discharged for its replace-
ment with a new load anymore and the entire reactor
generally is scrapped.

Summary of the invention

[0011] The problem underlying the present invention
is that of providing a catalytic cartridge for chemical re-
actors with a partial opening of the type considered
above, with structural characteristics such that the draw-
back cited above with respect to the prior art is com-
pletely and cost-effectively overcome.

[0012] This problem is solved, according to the
present invention, by a catalytic cartridge for heteroge-
neous catalytic reactors of the type with a partial open-
ing, comprising a substantially cylindrical basket suita-
ble for containing a predetermined amount of a prede-
termined catalyst, characterized in that such basket is
modular and is made of a plurality of containers that are
structurally independent from each other, which can be
individually manipulated and are mutually associated in
a reciprocally removable manner to form such basket,
each container being of a size suitable to pass through
such partial opening of the corresponding reactor.
[0013] Advantageously, each containeris substantial-
ly structured and configured as a cylinder sector and has
an axial length equal to or less than that of such basket,
preferably, a submultiple thereof.

[0014] Inaccordance with a further embodiment of the
present invention, inside each container the heat ex-
change elements and/or the "auxiliary" devices for con-
trolling the chemical reaction are advantageously fitted.
[0015] Preferably, a cylinder sector container, the
mass of predetermined catalyst loaded therein, the pos-
sible heat exchange elements immersed in such cata-
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lyst, as well as the possible auxiliary devices fitted in
such container, constitute a unit that can be manipulated
individually.

[0016] Further characteristics and the advantages of
the present invention will become clearer from the de-
tailed description of an embodiment of a chemical reac-
tor equipped with a catalytic bed or catalytic cartridge
according to the invention, given hereafter with refer-
ence to the enclosed indicative and non-limiting draw-
ings.

Brief description of the drawings

[0017]

- Fig. 1 schematically shows in perspective and in
partial section a heterogeneous catalytic reactor in-
corporating a catalytic cartridge according to the
present invention;

- Fig. 2 shows in perspective, a catalytic cartridge ac-
cording to the invention on an enlarged scale and
on separated parts, which can be used for pseudoi-
sothermal chemical reactors;

- Fig. 3 shows on an even larger scale a detail of fig-
ure 2;

- Fig. 4 shows an alternative embodiment of the detail
of figure 3;

- Fig. 5 shows a heterogeneous catalytic reactor in-
corporating a catalytic cartridge according to an al-

ternative embodiment of the present invention.

Detailed description

[0018] With reference to figure 1, with 1 is indicated,
as awhole and schematically, a heterogeneous catalytic
reactor of the type comprising a cylindrical shell 2 (or
pressure vessel), with a vertical axis, closed at the op-
posite ends by respective bottoms, upper 3 and lower
4, which form a single piece with such shell 2 and that
are equipped with passages 5, 6 for the inlet of reactant
gases and the outlet of reaction products, and with pas-
sages 7, 8 for possible operating fluids (like, for exam-
ple, a heat exchange fluid), which are useful for control-
ling the chemical reaction which one intends to carry out,
as described hereafter. More precisely, but not for limit-
ing purposes, the aforementioned reactor 1 is of the type
with a partial opening, in other words it is equipped, at
the upper bottom plate 3, with a manhole 9 with a smaller
diameter than the internal diameter of the shell 2, for
accessing the inside of the shell 2.

[0019] Inside the reactor 1, a reaction zone is defined
in which a substantially cylindrical catalytic cartridge 10
(or catalytic bed) which is coaxial and concentric with
such shell 2 is supported with per se known means
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which are not represented. The cartridge 10 comprises
a basket 11, with a structure and size to contain a pre-
determined amount of a predefined catalyst.

[0020] Depending on the chemical reaction to be car-
ried out, on the method (adiabatic or pseudoisothermal)
and technique preferred for carrying out said reaction,
the basket 11 must allow the reactant gases and the re-
action products to pass through the catalytic mass load-
ed therein, in an axial direction, or in a radial or axial-
radial direction, with reference to the axis of the shell 2.
For such a purpose said basket 11 can be equipped with
a perforated bottom wall and full side walls (in the case
of axial crossing), or else a full bottom wall and perfo-
rated side walls (in the case of axial-radial crossing), or
finally full upper and lower bottom walls and perforated
side walls (in the case of radial crossing).

[0021] Inthe enclosed drawings, an application of the
present invention to a catalytic cartridge 10 that can be
used in pseudoisothermal reactors of the so-called ra-
dial or axial-radial type, in other words a catalytic car-
tridge structured to allow the gases to pass through the
catalytic mass in a radial or axial-radial direction, is il-
lustrated for non-limiting purposes. In this case, said cat-
alytic cartridge 10 can comprise, as will become clearer
from the rest of the description, a possible heat ex-
change unit, fitted inside the respective basket 11, im-
mersed in the catalyst, as well as possible devices used
for controlling and regulating the operating parameters
of the chemical reaction which one intends to carry out,
like, for example, thermocouples, flow meters and pres-
sure taps. In the case of the reactant gases and the gas-
eous reaction products passing radially through the cat-
alyst, the basket 11 has on the whole a cylindrical form
with an annular cross section, suitable for defining a
passage or axial duct 11a, intended to receive the gas-
eous reaction products and to convey them outside of
the reactor 1 or else to distribute the gaseous reactants
in the basket 11.

[0022] With reference to figures 2 and 3, in accord-
ance with a feature of the present invention, said basket
11 is made of a plurality of containers 14 that are struc-
turally independent from each other, which can be ma-
nipulated individually and are associated with each oth-
er in a reciprocally removable way. Each container 14
is of a size suitable for passing through said manhole 9.
[0023] According to another feature of this invention,
each container 14 is structured and configured as a cyl-
inder sector, having an external wall 15 and an internal
wall 16, which are curvilinear (having the shape of the
arc of a circle), coaxial and with convexity curving to-
wards the outside of said basket 11, as well as a bottom
17. The aforementioned external and internal walls are
equipped with respective pluralities of holes 18, 19 to
allow the passage of the gases, whereas the bottom wall
17 is full (non perforated). Two side walls 20, 21, which
converge and extend radially with respect to the axis of
such basket 11, complete the cylinder sector container
14 under consideration.
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[0024] Advantageously, each cylinder sector contain-
er 14 has an axial length equal to that of said basket 11,
but in particular cases it can be realised with an axial
length which is a submultiple of or at least less than that
of the basket 11 which one intends to obtain. In this last
case, two or more containers 14 can be placed on top
of each other so as to obtain a total axial length that is
equal to that of the basket 11.

[0025] The baskets 14, filled with a predetermined
catalyst outside of the reactor 1, are introduced one after
the other in said reactor through the manhole 9 and are
arranged in the shell 2, on an appropriate per se con-
ventional support 22 (fig. 1). Said containers 14 are fixed
in a removable way onto the support 22 close to each
other but preferably not in contact with each other later-
ally, in order to allow possible circumferential expan-
sions of the containers themselves during the operation
of the reactor 1.

[0026] When arranged for operation, the aforemen-
tioned cylinder sector containers 14 define the planned
basket 11, complete with outer and inner, cylindrical and
perforated walls; moreover the internal wall of such bas-
ket 11 is configured as an axial cylindrical pipe 11a.
[0027] In accordance with another feature of the
present invention (fig. 4), inside each container 14, 25
respective heat exchange elements are fitted, intended
to operate immersed in the catalyst intended for such
container. Advantageously, said elements 25 are made
of flattened plate-shaped exchangers with a rectangular
configuration, substantially arranged in a radial way,
with its long sides 25a parallel to the axis of the respec-
tive cylinder sector container 14 and its short side 25b
extending radially. Preferably, the exchangers 25 of
each cylinder sector container 14 are mutually connect-
ed so as to constitute a unit that can be manipulated
individually, the connection advantageously being made
of collection and distribution ducts, 26 and 27, respec-
tively, of a predetermined operating heat exchange fluid.
The collection and distribution ducts 26, 27 are in turn
connected - with per se known means such as connec-
tion tubes - to the passages 7 and 8 of the reactor 1 for
supplying and extracting operating fluids, respectively.
To facilitate a centred and stable positioning of such a
heat exchange unitin the basket container 14, the lateral
exchangers of such unit are equipped with spacers 28,
of an appropriate size to rest against the side walls of
said container 14.

[0028] Analogously, possible devices 29 for the de-
tection and control of the chemical-physical parameters
of the chemical reaction that one intends to carry out
can be fitted in the containers 14 in a removable way.
[0029] Still according to the example of figure 4, each
container 14 can advantageously be integrally
equipped, at the internal wall, with a semi-cylindrical ap-
pendage 24, adapted to constitute a duct 23 for the sup-
ply into or else the extraction from the relative container
14 of the reactant gases or of the reaction products, re-
spectively.
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[0030] Infigure 5, a catalytic reactor 1 is shown incor-
porating a catalytic cartridge 10 according to an alterna-
tive embodiment of the present invention that compris-
es, in addition to the basket 11, also a cylindrical annular
basket 30 for containing a predetermined amount of cat-
alyst.

[0031] In such a figure, the features of the reactor 1
structurally and functionally equivalent to those illustrat-
ed in figure 1 are indicated with the same reference
numbers and are not described any further.

[0032] In accordance with an advantageous feature
of the present invention, the basket 30 is of a suitable
size to pass through the manhole 9 of the reactor 1.
[0033] Once filled with a predetermined catalyst out-
side of the reactor 1, the basket 30 is inserted into such
reactor through the manhole 9 and is housed in the axial
cylindrical duct 11a defined by the internal wall of the
basket 11. Such a basket 30 advantageously allows the
reaction volume (catalytic mass) inside the reactor 1,
and thus its capacity, to be increased.

[0034] Means per se known, and thus not represent-
ed, such as support beams, rings or shafts can be used
to support the basket 30 inside the axial cylindrical duct
11a. Preferably, the external diameter of the basket 30
is less than the internal diameter of the basket 11 so as
to obtain a space between the baskets to allow possible
circumferential expansions of the baskets themselves
during the operation of the reactor 1.

[0035] In the same way as the basket 11, the basket
30 also allows - depending on the specific case - the
reactant gases and the reaction products to pass
through the catalytic mass loaded therein, in an axial
direction or in a radial or axial-radial direction, with ref-
erence to the axis of the shell 2. For such a purpose,
said basket 30 can be equipped with a perforated bot-
tom wall and full side walls (in the case of axial crossing),
or else a full bottom wall and perforated side walls (in
the case of axial-radial crossing), or even full upper and
bottom walls and perforated side walls (in the case of
radial crossing).

[0036] Advantageously, the basket 30 has an axial
length equal to that of such basket 11, but in particular
cases it can be realised in a plurality of cylindrical an-
nular containers placed one on the top of the another
(not represented) having a submultiple axial length or
which is anyhow inferior to that of the basket 11.
[0037] The internal wall of the basket 30 defines a cy-
lindrical passage adapted to constitute a duct 23 for the
supply into or else the extraction from the basket itself
of the reactant gases or of the reaction products, respec-
tively. It should be noted how in the case of a radial or
axial-radial crossing of the catalytic cartridge 10, the
baskets 11 and 30 can be in fluid communication with
each other through respective internal and external con-
tiguous perforated side walls of such baskets.

[0038] The cylinder sector containers 14 and the bas-
ket 30 with the respective amount of catalyst loaded
therein, the heat exchange elements 25 immersed in
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such catalyst and the possible devices 29, fitted in such
containers, constitute respective heat exchange units
that can be manipulated individually, which are prepared
outside the respective reactor with a partial opening and
in which they are introduced, one after the other, through
the manhole 9. Moreover, such units can favourably
constitute "premanufactured" modular units.

[0039] The so conceived invention is subject to vari-
ations and changes, all falling within the scope of pro-
tection defined by the following claims.

Claims

1. Catalytic cartridge for heterogeneous chemical re-
actors of the type with a partial opening, comprising
a substantially cylindrical basket (11), suitable for
containing a predetermined amount of a predefined
catalyst, characterized in that such basket (11) is
modular and is made of a plurality of containers (14)
that are structurally independent from each other,
which can be manipulated individually and which
are associated to form such basket (11) in a recip-
rocally removable way, each container (14) being of
a suitable size to pass through said partial opening
(9) of the corresponding reactor (1).

2. Catalytic cartridge according to claim 1, character-
ized by the fact that each container (14) is substan-
tially structured and configured as a cylinder sector.

3. Catalytic cartridge according to claim 2, character-
ized by the fact that each cylinder sector container
(14) has an axial length equal to or less than that of
said basket (11).

4. Catalytic cartridge according to claim 1, character-
ized by the fact that respective heat exchange ele-
ments (25) are fitted inside each container (14).

5. Catalytic cartridge according to claim 4, character-
ized by the fact that at least part of such heat ex-
change elements (25) is made of exchangers of the
so-called plate exchanger type.

6. Catalytic cartridge according to claims 2 and 3,
characterized by the fact that at least one respec-
tive plate exchanger having a flattened substantially
rectangular configuration, arranged with the long
side (25a) parallel to the axis of such container and
with the short side (25b) extending radially with re-
spect to it, is fitted inside each container (14).

7. Catalytic cartridge according to claim 1, character-
ized by the fact that auxiliary devices (29) for con-
trolling the chemical reaction that one intends to
carry out in such reactor (1) are arranged in each
container (14).
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8.

10.

1.

12.

13.

14.

Catalytic cartridge according to any one of the pre-
vious claims, characterized by the fact that it fur-
ther comprises a cylindrical annular basket (30) for
containing a predetermined amount of a predefined
catalyst, being of a size suitable for passing through
said partial opening (9) of the corresponding reactor
(1) and to be housed in an axial duct (11a) defined
by an internal wall of said substantially cylindrical
basket (11).

Modular unit to obtain catalytic beds (or cartridges)
with a substantially cylindrical configuration, intend-
ed for chemical reactors (1) of the type with a partial
opening (9), characterized by the fact that it com-
prises a container (14) for a portion of the predeter-
mined amount of catalyst of a respective catalytic
cartridge (10), substantially having a structure and
configuration of a cylinder sector and being of a suit-
able size to pass through said partial opening (9) of
the corresponding reactor (1).

Modular unit to obtain catalytic cartridges (10) with
a substantially cylindrical configuration and intend-
ed for pseudoisothermal chemical reactors (1) of
the type with a partial opening (9), characterized
by the fact that it comprises a container (14) for a
portion of the predetermined amount of predefined
catalyst for said catalytic cartridge (10), substantial-
ly having a cylinder sector configuration and being
of a suitable size to pass through said partial open-
ing (9) of the corresponding reactor (1), in said con-
tainer (14) being defined a first external cylindrical
wall (15), a second internal cylindrical wall (16)
which is coaxial and concentric with said first wall
(15), two side walls (20, 21) extending radially be-
tween said first and second wall (15, 16) and a bot-
tom wall (17).

Modular unit according to claim 10, characterized
by the fact that said first and said second wall (15,
16) are equipped with respective pluralities of holes
(18, 19), said side walls (20, 21) and said bottom
wall (17) being full.

Modular unit according to claim 11, characterized
by the fact that at least one heat exchanger (25) is
fitted in said container (14).

Modular unit according to claim 12, characterized
by the fact that said at least one heat exchanger
(25) is plate-shaped, with a flattened substantially
rectangular configuration.

Modular unit according to claim 13, characterized
by the fact that at least one auxiliary device 29 for
controlling and regulating the parameters of the
chemical reaction which one intends to carry out, is
fitted in said container (14).
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